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PROBLEM TO BE SOLVED: To provide a rotor angle 
detecting apparatus of DC brushless motor which can 
detect an angle of rotor with higher accuracy without 
use of a position detecting sensor. 
SOLUTION: A motor controller 10 detects a rotor angle 
of DC brushless motor using a high frequency 
superposing part 21, an angle detecting part 25, a phase 
U current sensor 23, and a phase W current sensor 24. 
The angle detecting part 25 detects a rotor angle 0, 
when the high frequency voltages vu, vv, vw are 
respectively superposed to the command values VU-c, 
VV-c, VW-c of the 3-phase voltages with the high 
frequency wave superposing part 21, using the high 
frequency element depending on the current value IU-s 
detected by the phase U current sensor 23, the current 
value IW-s detected by the phase W current sensor 24 
and the high frequency voltages vu, w, vw. 
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±taSC (2 5) . (2 6) fcJ:4jtjft)5£#4^if [0 05 5 ] 

I uSy I wi, a*UfcJSa««ECCj£i;fc*«l«J5S* [JR2 7 ] 

sin(26dt -20) « sin2COtcos2e~cos2CUtsin2e (27) 

[0 05 6] # tf HK28] 

Vs= jf cos2totcos(cot+^ic) Iu-cos2catcoscot fw pi 



)■ 

jf cos 2tDt s'm(2m - 26)dt + jf|cos 2oX • cos(cot + ~ k) • Iudc - cos 2cot ■ cos cot • Iwdc jdt 



= _ K W3A1^ 



2n 

3 VI A] f( sin 4coi _ Q 1 + cos 4a>t . _ fl V 
= -K cos 20 sin 26 tit 

2 J ol 2 2 / 

j 



0 



iJ 2 2 \ 

- 3 cos(3oH + -ic) + cos(a)t — it) _ , 

^ 3 3 T , cos3cot + costot ¥ 
~ — Iudc Iwdc 



Jt 



6) 4 



= — K — ; — sin 26 (28) 



[0 05 7 ] 



[»2 9] 



(8) 



13 
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-I 



Vc = -J| sin2cotcos(cot + ^7C) Iu-sin2cDtcoscot-Iw jit 



•> 



m K 3^A[ J s . n _ 20)d( + Jj^ s . n 2wt cos(cm + 2 n) ^ _ ^ ^ ^ Iwdc j, t 



0 
2H 



_ V 3^A1 ?f l-cos4<ot sin 4o)t . _Y 
~ K 2 Jl cos 29 - — sin 26 Idt 



u .sin(3{ot + -ji) + sin(oM 71) 



^ludc-^ in3tQt + sin<Bt lwdc 



[It 



= — K -cos 28 

co 4 



(29) 



m^mwm^mt lt. guiess (28) < 2 9 ) <om 

[0 059] */c. ±IB5$ (2 8) t,c£<ontiiUtciE& 

»mm ( v s ) <L±ias, ( 2 9 ) jc* 0 *tu u/c&&# 

MIDI ( V c ) JUTOSi (30) CCJ: 0 ittrfB*- * 

[0060] 
[H3 0] 



1 4 ., V6 

e= T tan — 



C30) 



30 



[006 1 ] L*>U t a n-*W#ttUflBiE&#JHt! 

(v s ) Rt>BMie*^#Mfii ( v c ) <Dmtictt-rz%. 

mftftJzZ^tctb. ±IBS; (3 0) {c^OiiuiS-*-*© 
a-f ftS^ttiU/cittc, fflBiE?2#Mffi (Vs) 

imiiB^#M«i ( v c ) ®»masii©K»4*wt:o 

- * fttt©*WH«SS#*& < S . 

©M8HM BufBiBlS«a:S^S:«cj:f3mifa* 

Vs oos2§ - Vo sin2^ = ,/Vd' +Vo* sin (29—2 



J: 0 BtilBiEK#fi§ffl<t fi?IB^3i#Mffl £ SrJflffl L . 
WE*-*©n-*ftK©*B« (0) <tJtt£ffi (0 
a) £©{4t@£ (0-0a) CCjfcCfcflrtBS^-* *;$csc 
(3 1) cca-^rSfiRU SfiJ©»^-r £;U{cfc(,> 
20 TB. ±135^(3 0) CCJ;*)OTiBDC^->bX-t--^ 

© n - * n K£ em o . *©w»^ f ;u wkcc *>c » r 
». wm<D$m*y-< z^K.^xnmucwm^-iKo 

P - £ftg£i!u[5]©*lJfflllJ- -Y ^HCfcWS milB* - £ © 

n-*a«©MU£« (6i a) to. mmmm? h ? >i> 

(6» -9a) fcmrg-rsJrSfcR&Wft^-ffc*-*,* 

rffirsa*-'i«©n-*ftff©flijefl[ (oa) zwxwm 

ftK©«t£fil (0 a) £ig3&nrsc£(cj:o-c, jus© 
£;Ucfctf £iwfB*-*©a~£ftg©«6£fiI 
(9a) fcffffiU ftK©«££«i (0a) ^BiflB 

[0 06 3 ] 
[*3 1 ] 



~ VVs'+Vo' -2(9-5) ((9-5)«s(OS8) 



(31) 



[0064] a»a»£*»JJCcJ;fttf. MfSn-f 

*rj©*«p-!M *iwc*n>r©*ijss; o 

0) Ccj;fiMB*-*©a-£ft®£gtHu &©»|ffli 
±13^ (31) (ca^^r^SSnfcfllBftffl^T 1 -^ 
©O-f BUfB^^tf-^*{CjafflLT > 3B£©M 

(0a) £gaj-r cfucto. mibo 



[0 06 5] MiBP-f tt3Btt 

40 fB£r-££LT, (3 2) CC<fcO. V" (V s' + 

tB*^if-^*©y^>^H«iaiEK#Mfflv s tiriB^s 
#flafflv c©^c*s©^fc«:(6criaW4ci*»«l 

[0 06 6] 
[g{32] 



(9) 

15 

A0i = 2 (0 — §) Rrf sin (20-20) 

V© • cos2 0 — Vc ■ ein2 0 



7 V9 a +Vc 2 



[0 0 6 7 HIU : BuIBiitB^r- £ 0 

;Mt«W{Ei>»£fctt* ±123; (3 2) &cftx.r, #3; 
(3 3) {ciSififfilH-fftcJcor. iKreAdi£*tHl/ * 

A0i = 2 (0-3) ^ sin (20 — 20) 

Vs ; cos2?— Vc - sin2g 
I Vs I 

Vs *coa2g— Vc-aln20 
I vol 
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C32) 



[0069] 
[»33] 



( I Vs I ) > I Vc I ) 
( I Vc I ) > I Vs I ) 



(33) 



[0 0 7 0] _htS3 (3 2) tCiOgffib/cAS * 

- * omm^c m*-? mo l fc <t * k , 

A© 2 = 2 (0 — 5)+offset«*sin (2 5-2 0) + offset 



[0 07 1] *cr, BWBn-drHK^ffl^att, #3 
(3 4) f-ft (offset) tftlilTJtttiL 

t|gR8fflt©^*7H2^ (offset) £&£«fc5 

<h*IS«(0fi[*a^%^*IJWCC*r6bT, fjla^r-^COtH 

[007 2] 
[#34] 



Vs • coa2 9— Vc • sin2 9 



+ offset 



(34) 



[ 0 0 7 3 ] (IU A 0, : BufefifflU^- £„ 

[0 07 4] *fc. H«ia- : E-^©ni-^(D-Y>^i'^> 

E^fig-T ■S^ft-CmrfE* - * © a - * ftS£&ffif S 

SCiSTtftO. ii!a-t-£©a-£ftg 
#£> (0^0^180° ) -£?&££££> 0+180' 

[0 07 5 ] *>**^»^*«?l|-J-5fc*. 

srr s d wlbc * 5 d wmm* £ *w-r a mwam. $t 

»tH*g(c J: 0 ME« - * © o - * ft K£» ffl t fc £ t 
cc> ffliB*-£©P~#©&ffiKJ:9£DSJ8#©|n]t 
£ a #m«-?{c«t «5 £ D 4 58^©fa# #|5j--C$> 6 £ 9 



£$-?*££** £r. gabfca-2#gKi£Dfciwf2 
Ofc. 

[0 07 6] -ec-c. ina*-^*te*-* 

HKfcSESl L T St > . ISq «B«?«cBf3eo«fi*iJ8«* 

40 -2©P-*#£*f|EttiLfc££K:, mH3ttfcn--£ 

4 0 ■5fiSW©[6] # £ B?f3* - * O O - *©fiB@C<: £ 9 £ 
0 £fi85?©|6ji* *s|51-t?* SMfflHJMTC* o fc £ t tc «r 

(C J: 0 * 0 ■2>fi&f?©ft * £ ifrfa* - $ ©P - £©iK@Cc 
<fc >J 4 1; Z>WR<D\p\ # 6#fia«tK)»r* fc £ 

50 fii£ MG^Mm^KI&CTlllBa^Miatcj: 



(10) 

17 

fflww«*«-r ■? v vysm^or- * safest* i- 
brm\ mis. q #iI?-K fy £9BSf iIS"JH«£ it L fc 

<Dwmficm%mw.im\&^mt <t o mm s tifcHuf ai 

um btcmmmmmt zttm-rz t <t k j: -? r, ma* 
- * ©p - %&m?,m%jtmt mmmmvimoi^im 
<ott.m<c h z> w t -c fiia* - * © p - # ©s&@© 

[0078] ^^^^Bjccint^ mmmm-rz 

mnmnynzm o fcttjg-cMiap - * ftswaw^c x 

ftg^sirian- ^ftK/nsfiiT— ^outssffl 20 

oam? n^s«ieiEK#fig<ii<t i?ga^?s#Mffl<t tcis g 
-entries! jt^att omiti Lfcfria«ffi«siJffli *tfc« 

Ct#-C#&„ cntCj;*), iwfa*-£©P--2#fi£ 
0-3 6 0" ®ffifflr$m-r&Ct#i-C2£„ 
[0 07 9] 

[^WoUte©^ ] #^©^&©jf2£©-Wcoi> 

■=£- 2©fEIti£3HJS|l-r f 3 > h P- ^(JM'm^U 
#>©^-?-C*-5„ 

[0 08 0] 02(C7nLfc*-5?3> Fp-5 1 0«> 
01 (a) KSl/fc^WDC^^UXt-^l© 

1 £l>5) 4. P-*2©#fiBe©ffiSt£|oir*.&qtt 40 
±K*5aWtWf-iS[Q«l4ilSrSd*±{c*Sd 

[0 08 1 ] -eb-C. t-^a>ho-7l0tt. fl-SB 
*»6^A6ti5d**(9H?-{c*tiS«« (feTK dNS 
*£t»5> ®JS^flCC**I d_ciqH*»ffC«h 
SSSfc («T. q*Mfift£l>5) ©J^ffiTA* I q_ 
ci*i, mmc*-$ l©3ffl©St3^Bt«Ett£®ife© 
4ftttl««> 6 3 tB/d q SSltc J: 0 gffi Ufc d *W*©«| 
tomxHbZ I d_s £qtt®fe©tettiffi-r&£ I q_s 50 
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ttc. -etm-i-gct^Mc i©3+a©mm 

[0 082]t-f3>hn-7lOB, dill^tc 

ErwrjirssE (WT. dnwiii,^) ©jg^ffi-ra* 

Vd_ciq*IWI^-Kai»irS«E («T. qWUffi 
£C>5) ©t§*fii-C£>£Vq_c£* > U. V. W©3 

ta©^«i^(cEiiJ)n-rs®i©^ffl-c*svu_c, v 

V_c. VW_cfca3Jrr*dq/3*BgftSf2 0, d 
q/3tffiEft»2 0*>6a*3ti4VU_c. VV_ 
c. VW_c(c. ^-n-eniUSigmEEvu. vv, vw 

zmm? zmm®m^2 1 (*%ip!©nj9ttfis^& 

c, VV_c. VW_cCC)t.CfcmEVU. VV, VW 

^DCT^i-u;**-* i©u. v, w©&fB©mf8T- 

[0 08 3] t-P-5 10B, DC 

3 l««ttW*SK:tBS-r*) - DW? 

•>UXt-^l©Wf| (*^BJ©^2tBCCt|^-r5) © 

2 3 ©t^ttiSSiEffi I U__s tWiSi^t 2 4 ©^ffi 

^W3R2 5 > IU_siIW_si»'TId_si 
I a_si*#fflf*3tB/dqSBftap2 6. Ri^dl* 

i q o£ 5 aaaa«*©K»*jT?B-r ami* 

frfe 5 lttmMn& 2 7 Srffi x. 
[0084]*-$3>l-n-7lOB 1 d#^j)K©J§ 
^ffil d_citttUII d„s±*8l«*S2 8T?* 

*©wms*k:sh ©p rinwas2 9t?p i (tfc 
Msi^^t^ »iaws3ot?#T«»«»*fti 

Sit, I d_c£ I d_s<h©jgH{C!EGfcdttSEE 
©Jg^ffiV d_ c ££j£T S„ 
[0085] S/c. t-jf3>|-a-7 1 o«> i^filtc 

»2«©S3 1 -C^»L.> *©«Wft»K»2©P I ffi 
»Sii3 2-CP 1 ^S^SSL. 3H2JJDSSS3 3-C#T#)S 
»*JPDtLt:. I q_c£ I a_s&©flM£tcj£t;fcq 
(Wffi©J8^tf V q _ c * 

[0086]-€-Ur. t-$3>Fo-7l0ll dW 

nmom^mv d_ciq wms.®^® v q _ c £ 4 

dq/3t@^SP2 0CCA*-r^ o CtlCCiO. ^9- 
F 5 ^ -f a; 7 h 2 2 . d tt«SS©JH^Ii I d 

_ci^aifiii d_ s torn, &tfQi««©JWHBi 

I q_citfflH q_S iOii^^S-r^ct^fC, 
DC^7S/U'X*-irl©««^K3ffi«EVU, V 
V, VW*5EnttI3ti, DC^i'l/^-iilOWff 



(11) 
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[0 08 7] CCt. 3fi/dqS»»2 6tt. UtS^ 

2 4©*$HJ*iSffiIW_s£. a-fftfi0i*f,dH 
SftOttUfi I d_ siq W«£<Dtfcffltt Ig_si 
Sr. «T©5£ ( 3 5 ) ( 3 6 ) fremtiTSfctf). 

id=/"2-[ lu 

[0 0 8 9 ] 

iq =/~2 { lu 



[0088] 
[&35] 



^2 0 0 2-3 20 39 8 
20 

•7 1 o«a-diftafl*ttair5'i:«s 



sin 



- Iw * sin 0 



cos(e+-|nr) -Iw 



[«3 6] 



(35) 



(36) 



[0090]?[/T, t-i(3>|-ti-7l0li, 
2 0^6ffl^3tlSU. V. WtSCtEPflDf £SE©J§^ 

«ivu_c. vv_c, vw_ctc>i*i/r. ss^jssa 

S52 l*>6W^Sn-5iS5^jgSEvu. vv, vw(i 

las; ( i 9) #M) ^r-en-ensa-r^ciKJc^-rn 

[0 09 1 ] -Tftfc^. 03ftI^L|§3 4r'VU_c{Cv 
u£JJl]#U SU4JlJ*83 5-CVV_cK:vv*ijnJ(t 
U 85*0*83 6 rVW_cKvw*lJ0Jrr4. *b 20 
T. AftfttiW2 5tt. IMlIvu, vv, vw£ 
SftUct£fc. UtBmS-fe>^2 3CCJ:0^ffi$n^ 
U_s £WtBm?j^fe>1)-2 4fcJ;9tfctB3ft£ 
SsSffii w_s t*fflt>r. n-i/ftae^^m-r^. 

[0 092] Ctfc. ftS^tBS|52 5 ##g9!©#JH8 

2. BJi&aaa52 i. ut@ms-b>^2 3 > aywtB 

mi& -b > -9" 2 4 «C J; 0 #f|0jj © D C ^ 5 U V X * - £ © 
2 1 <hAfttttf]ffi2 5£&C<fc£n-#fta6l©tfcttiMIi* 



*fc-?i>rgi9j-r$. 

[009 3] AJg#«2 5tt. JdSO/cSC (2 8) £ 
iS (29) OI ui I w(C. UtB«ffi*>-9-2 3K<t») 

tttustifcAHrtBi u_s iwtim^-b>-9-2 4K;j;o 
i*a3ftfc*^ifii w_ss*ft-t*ircxu s (2 

8) iSC (2 9) ©o>K*JBifta«a 2 ltc 
ftfci^JSi&fljl v u , v v , vw©AjIKo£ftAl/ 
r. P-^g002 f§A©!E&#flg«&V s 
fiVci £#tti-f&. fcfc. 5£ ( 2 8 ) iSt ( 2 9 ) CC 
t(Cot,»r©s i n, c 0 s J&ftrt**^©* 

[0094] ±ieS (28) i5£ ( 2 9 ) rtt, 

fj^«M*0~2jt/<»£t/C. Iuilw0lM5) 
(ludc, Iwdc) CCM-r-Sa^fij&iOCC^^i^CCL/fc 

i ui 1 w#tjs*BS»*d*r. ±ies (22), 

(2 3) ©TTcaS ft Ji(T©5£ (3 7) , 
(3 8) CC^L/fci^K, «0Wlffl*O~*/<i)iOr 
&iE5£#flSffiV s £&&#JRflgV c *»lH-r SC i*J-c 

[0095] 
[837] 



Vs =J^ |cos2cotcoa (wt+^a)- lu — co82o>tcoswtlw}dt 



= — K 



3/~3Ai 



cos2ajtein(2aM-20)dt 

■J 0 



= -K 3 ^ A i cos2ait(sln2A)tcoe2 0-cos2^tein2S)dt 

= — K ^i/J [SSfi*! ccs2e - l±2Sl£Sl ftJn 2s) dt 



(37) 



[0 0 9 6] 



[«3 8] 



(12) 



21 



Vc= - jsin2wtcos (wi* -|tt) - lu -sin2a>tcos&Jt Iwj-dt 



^ 3£3Ai p5 



(* sin2aJtsln (20Jt-2©)dt 



— ft o 



3ln2dut (3in2GMcos2 0-cos2a>teln20)dt 



. K 3jgAi|flp-cy«t 00igg . 

_ „ 3/"3Ai 



. &ln4fl)t 




sin20 
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[009 7]f IT, ftK*HJ*2 5 tt. W-ttibtcjE®. 
#MfflV s 4&3£#MHV c < 3 9 ) 

[009 8] 
[»3 9 3 

(39) 



6= j tan' W 



[0 09 9]C©iS£, l©*-*^7->f-5r#S 
g»)l<rk ±16125$ (2 8) iS (2 9) tc<fc»)»ffli* 
n-&iE?£#MfiiV s t^#ftS<BV c £©tt*tt*fc£ 
ftixor. ±ieSC(3 9) K«fc.Su-*ftfte©!HtlR: 

[0 10 0] i/c, D-£2©¥+? :*"©-/ 
*©^tta-$flff0©I/2©jaJffc©-C. ^ffitt 
©WDC^^l/^t-^©^, ^»ftr0~18 
0* X« 1 8 0 -3 6 0" ©IfiH'COftKSiJfcWnJtlJ'T? 

^-©fcisb, 0~3 6 0° CD^Hrci-^ftae^ 
Iftfflf *fci*K:tt. n-* 2©SBffi©|Sm£W5iJTr£a!! : 

[0101] COHte. Q«imtS^JC«Sfe«:«£LTq# 
Ufa (a-dr 2©fifrE©$B!fc;£ft) Ctfi8W££D$t!:£ 
t. TOci 9 £Dfc$|?©fa£ 
StU0|^*^ia-r**IS«l««r*4i#l4fi«IfcJ: 9 
Al (U. V. W©&*B© SB .2 ©fiz£# 

l©SO&»> -2k «*fcj:»>£i;fc» 

W©lfi]#<blS5«c<t 0*O)t»^©|nI#3&ijM-r*S#fia 

[0102] *©fctf>. A 1 ©MIC J: ^{tf £IE3£# 

Mfiiv s i^#Mfitv c (_hiase (28) ,(29) 

{CJ;f)»ai$ti-2,) *>6«T©5£ (4 0) (**W©0T 

^©?s» mmimm z > k <t 0 ma l wwjsijffi a 

[0103] 
[»4 0] 

' (40) 



A= J Vs 2 +Vc 8 



[0 104] Ofcrt^T, ft£&mSB2 5«. flf^jRS 
*»2 HCfcOittWRWEEvu. vv. vw*ilf$ 



*>w swffiaat-b 2 4 1 u tiasa-fe > 2 3 ©tam 

±IBS (28) . (2 9) (Ccfc9IE32#M 
filV s t£®£Mm V c <fc £gBJ L, ttiEK#JBiIV s 

<t^K#Mfitv c *> fcijes (40) ic±>onm bfciss 

- * 2 #tftBfi^JR<b#iftHttffi© 5 %©lvflrc* 

•S36>*KM9I or n - * 2 ©»B©flJ* *«Brr 4 C <fc # 
20 r#-5>„ 

[0 105] n-*2-?>*t&HF-3. 4, 5©^ 

m^ttffiKMK* S £ # ir. fll&M9qffiA©fitcIS 

**cttt>»^3&j*4. -eor. c©js^{c«. mm® 

a - $ 2 ©ttffi©lfij*4*«|-r 5 C i#r>* 
[0106] CCr, 03 (a) «. Q-2 2©|?ftlS 

iWP-fftBeo^fi, mwmmmmA 

*oK««:**i*©»WiisiJiaA©«»%*L-. 0<£© 
#n - * 2 *j|«iB*ia«txsicc * s i zvmmmwm a 

©1£#£^lti>£,, 03 (a) ©^^©j^cc, a 
2©fifte©l6j#*W8i]-r4fc*©i8fifiB*— ^©ifi 

i-r^i. a>io©^Tnfed5|gfi]«^r*5<t^or 

- i? 2 ©$@©fai* ^wj-t 2> c i^r^e 

[0107] -ecr, *^StS^tC«. ftS^UJSI52 5 
«. OT©*t£(c<t *) ©58S©l6i* *W»iJT 

40 

[0 1 0 8 ] 03 (a) ©W^^i, <D<b©«|B| 

o r mt h r i > {iffl ccfct;gT©£#£ 
crus. -g-L/r. a-^2*ifiWKSi{c*54ir{cft 

*^gSifnTOc*S i ttcftgtfcfflSB2 5 Cc J: 0 

[0109]^Ct, ftSt^tUgE 2 5iCj;»3#W$nfc 
a- i?fta(c*f-rsSS«i*iJ!3iJ<iiA©^{t* y^-7{tbfc 
50 ©A^03 (b) r*£„ 03 (b) ©^-5 7(1 03 
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$ 2 vmmim tc$> ztz (ommmm a om®*B 

[0 1 1 0 ] m3 (b ) tl>hWhfrrj;£>)l t C, 

«c u - z n s. e ic <fc r *©tt*i^tr h mmzwz 

©[6] t SrWSiJT £ C i Z S . 

[01HI13 (b) Tu, mm±Lr<2>Rv®tm 

mjivu. vv. vwKiii^igvu. w, vw%ii 
-r&tftfc:-*:-* i©qt*m^ic«ffifijsijmffi^t 20 

6±I5* ( 4 0 ) (C J: 0 SB&PMffiA £#W U m&& 

®mmiimA*m®<£ k> &±z wmd-^ 2 «Mntt 

2mmmwc&z>tmm-czz<D~c. nj$&m&2 30 
5«, p-*2©effi©fr*£fijj3iJT&c£#ri*&. 
[0 114] n-*ft£0{t#]£^£&ffi<7)tlM 

[0 1 1 5] sfc. xmmmmick^ziz, 

352 5 IZmltt (28). (2 9) (C*j^r . B^ctiE; 



(13) 2 0 0 2 - 3 2 0 3 9 8 

24 

* 0©2fgft©IE5£#jraffiV s i^#M<BV c©ffi£m 

[0116] i/c a-zn&o<mfcnig.o*zm^ 

(4 1) ©W&i&<3. «t^ftfi0AiiEK#J(affiV s 

[0117] 
C»4 1 ] 



•C082 § - Vc ■ ein2$ = K 3 0 A ' eln (26-26) 
4a> 



5sK(8-6) 



(41) 



[0 1 1 8 ] C©[itlM©£<«ffi£ffl(->T. * 

[0119] DC^->b^-3;l tfi-MOftm&.'Q 

-5rftK0 <bftjiSo)mt©M^««T©^ (42)7 
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